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(54) [HHjoj^l^] J£^^-©+in1SS 
(57) [^*tl] 

mmwriimicmm^fifc p n pm« h y ^^i^;^ ^ 12 

5„ 




m^m 1 ] mi (Dmm^^n^n<D-mi)-mm^ti 
^5jifam 1 'D'^mmM<Dmmmm^n±m i <d^u # 
^s±ta^ 2 (D&mmM.cDmm^mm^n. imm i 

1 ro^^-r :^-7 h 7 ^ COa: 5 y ^5? 

-hfBJt»iii|i|^© A A;^«^ t ±.Bm 2 ©/M jK- 7 h 
7 ^^i?;^ 5 y t (cg^ S iT/c® 1 ©A# 

t. 

tcBiRxfm2(D&mmmt. 

r y - * y- Kro-*;5s±ta« i cd£««m®« 

i^S^^tt. ry-H\ ;&y-Kcoffi;^;as^2CD«fe[^ 

Kmm^fi. r/-h\ *y-Kraffi:^^5B2©«^ar(r 

tifc^ 2 roy^ K i: . 
lERTllk(DA:fjm^RXimtim^^^L. IEcoA**^ 
^s_hfB^l cD^-l':t-KOTy-K. *y-Kco-;fyic 

J:iB?s»±iiie^©A©A^«^ t ±fam 2 (O^^- K 

©ry-K. *y-K©-*i:©Mt::«M$tifc^l© 

^titcm2<D^mt^Mm\^tc^t^mmt-r?>mmn. 

[0 0 0 1] 

#tt©/-?7y=^r^tas»b, mMmmmmmm^tif£ 

[0 0 0 2] 

Wmt LT. StjK-rriiia l s^S 1 9 (-^-Ti 5 ^it 
[00 0 3] g 1 8 ©aq!mff0SS» 2 ffl©/W 7K-7 

byv-v?:^^ 111. 112. 4e©jgST; 113- iieso^s 
ll7^cj;or«^S;^^rv^5„ ^iwSipmia 
Sg-^fi. Jifah7^v?Xi?' IIU 112(::m5«^ll 



, 12 ©ft^^^fc*. -^rlxmwSBfLtcioTeST: 

113. ii4j^mjEP$T^iB- mmrmB^mnm 
in(DMRxf:iE(DAtj^^im^-r?>tmc. m% 

mmm m<Dtii:fj^mhyyi^:^^ nu 112©^-;^ 

[0 0 0 4] -(Dmmmmmmi. y<4t°~y hy>i^ 

[0 0 0 5]—;^, in 1 9©Sip«ffi[HlK}* 4e©N^ 
^^/UMOS Vyyi^:^'^ 121~ 124. «^fij!1125 

^i^-i^^iS' 12K i22ii-i-s.mcmmm.mim^j:^i:^ic 

mj^^fiXtsfO. mhyyi^:^^ 121. 122(CBfE|x5a 
©b7>'v';^^ mizMi^M^A^i-f, :zi\izX'omhy 

yi^:^^ 12U 122©IHBmj±©M^«?Pmi±Vref t 

[0 0 0 6] L;?)^L/£^5P,^ Hi 8 ©fje^HISSr'Si. 

7 hyVv'XiJ' 111. 112©#tt©/^7~y^. # 
i-l;jtii*M*hfe. . -y ^ p^jj^jl VBE— <- 

:^mmii m>t<7)-'<yy^'^. ns- newjit©/^ 
yy^m^i:^. »ibix5**«l±Vref ©ffi[4^t< 

[0 0 0 7] -If. El 1 9 ©$e5fe[HlS§Ti4. e^©h7 

Vv=;:^^©P1it«F-©^<7^y^. 121 1 122©liffi 

mR(Dmff^'<yy^fj^\M^m. mmmFt^vra- ic^em^i^ 
*fcjiteisiis*iuiKr,t*c. aMB^©a^«ii© 
e>(c. _hfa^fi6*0i^-e}±. ^a©i!jf'^.^w^}ifc»# 

[0 0 0 8] 

- br s'^0j^S^i^^^st1-5#©^.^k^5fo5„ 

[0 0 0 9] r©^?^i4±fa©j;55'£*'ff^#«LT/<C 
$tb/c%©-eabt). ^©B«l}4, Sip«I©ffi:S5^^<o 

/'!7 5'=^(c»#$^x-f. Hi-^mM^mMmmchm^L 
[0010] 

f±. n 1 (omm^tti^tKo-mmm^titzm i 

^2©^«?jlMt. -<-y^Rn=^uir^:!>m2(Dmm^ 

mm^ti. 31 5 5/ ^5_hfB^ 1 (D^mm^<Dmmzmm 

$^^fc||l©/-?-r^K-7 b7^v?;^^t. 

^^'^;5S^2©m^^!-S^:^t^. :y^;asjifBS2© 

&mmm(ommcmM^n. ±mm i ©/^-f ik-7 h 7 



-2- 



mm. $ ntcmnmm^ t , ±mmwmm^<D^ nxti^ 

T-t JifaS2©^M*°-7 Yy>\?y^9<D:x.^ ^ t CD 

^ST- 1 ttl^S^^ t © {CRM $ ^^/c^ 2 t ^fl: 

[0 0 11] 

[f^ffl] -<-;^S.t;^:^^/^'i?*sg^$^^/cBl&U«^2 
H 1 &t^ll 2 ro€*«2g;^)^P,£*«;iStt^$^x5 i t 

1. m2<D^MRxTm.wmmm-'hti^mm^i.oxm 

[0 0 12] 

[0 0 13] min.^(D%mK%'^w^mB.m^(Dmi 

nRm2\i^fi^fi'pn-pm.(D/<4if-—y Vyy'yy^ 

nmiimnMrn^ 1 1 . 12 (D'^.nMU. 

[0 0 14] iimnYyy'^^f'iu ykd-^v; ^mi 
^-;^f±#icovo»*Sfitc^M$lx. pE!b7>'i>;^ 
9\U 12i4^^:^-KSM$^xrVN5„ _h|B^««»3 
il. mtt®mSttVDDt_h|Bh9i^v?;^^'ll®3i5 

VDDt JifB b 7 V v=:7^ 12«3i ? ^ t (Ofli!(::aic$ti- 
TV^5„ ±ta^l cDAltlSfi. ±tS by ^^v-;^^12<;5cc 
? i±|aSffli*g:^17coAffJ'73Ay^ffi^^icoftl11rK 



g| 2 ilJilBia 1 »^*MlH]K»^ 1 . ^2WA#15, 16 
?r:R#^'fllLfcBlT'fe'9. ^1. I|2«A#15, 16t LT 

«m8, l9;5s«ffl$^^T^^6„ 

[0015] Sl2©i5 ^iffifigi-SoV^T. ^-Y 

M^tLfc by>'v':^^ll. 12©-^-;^ • ^? y^flli 

:sa;^KS®m;5ffi{iS II . 12 (cjSDfcmiiftTVBE 

^s^feCSo v^S. aS«««fitici 1 >I2 i:v^5 

M«;S5fc5ti-5t, h 7 ^z^;';^ i? 1 1 cD-<-^ • 

^^1«ffl^T^VBEl , b7>'i^;^:?12<D'<— ;^ • 3i§ 

s'^M«EP$T?rVBE2 h7>'^^;^i?lU 12 

(n:x.%y^WSLN\ (=VBE1 ) , V2 (=VBE2 ) \% 

Bl3 0#ttBI(c^-t±5(-> VI >V2 (DW^m^J^±-f 

2.0 ^LT. Yyyi^y^^\\(D:^?.y9nmN\ 

ti*S^i7®miJ©A^ST-t-ES{-A:ti$lx. b 5 y'y 
7^9\2<D^%y9nmN2 ilSS;i8&^L-CS»Jf(iI^ 
l7(OA{|iJ®A;^S^t::A;^Six5„ ^rr% 
17<©a;^ffi^V0UT ;S^eja;f;Stl5mj±Vref }±, ffi^ 

18. igcDffijjLffi^Ri . R2 t-rsfc, ?>:^r'^x.btt 

5„ 

[0 0 16] 

[Si] 



= (1 + ^ IVBEI --^VBE2 



- [|) 



VBE2 <D^\cn^hmm {'m.'n 



V^-S, VBEl , 

m ^ 

[0 0 17] 
[ic2] 

9VBE I 9VBE2 

ai , ai 

t^-^t. Vref OS*lC*f-r5^ft^ (SUS^^ffi) (1 

[0 0 18] 
[»3] 



avref 



= (1 + 



Rl ' 31 



[0 0 19] 
[»4] 

R2 3VBE2 R2 3VBE2 
Rl 9T Rl' ai 

}lfS:hXo\C (R2 /Rl ) ©ttSrftS-rtbtf. Vref 
coltfitaff. «M«l±VDD«ffiicfe#-li-f. -■mcfi 

5„ 

[0020] ^©±5 Jiia«^yiH]iiSt:: itbfi. 



R2 . 9VBEI R2 aVBE2 

ir-VtX^xm.m-f^^bKi.'O. Vyy'J:^9\U 12 

<D3i 5 5.^^14 VBEl , VBE2 \^M^W\X/<yy ^i'^i^ 

;^^ii. n^m^^nMifi-S''pmt\^xh. mm^-in 

mi-JI^i^tLSfc*. ±iSi^^^ y^«teVl . V2 (4 
#f(-/N°7^-y:¥;aS/>f^<^ ^S-rSo */c. ^1. ^2 
«AWi5. letbr. Iii2ic^-rj;5(-fiijci8. i9^ffi 

(R2 /Rl ) ^«^liL/^V^fcfe. my^mVref (i* 



-(3) 
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[0 0 2 1] m-ox. mmmj±vvef (Dmi-^&ii^Mib 

[0022] El4{4iCi3§iKJc:#,5S*Pl;j±lEl?S(0»2 
[0 0 2 3] ±f3nfi] by>'v^-:^^2U i/^^&tjJ 



[0 0 24] El 5 itilag] 4 ©*Jfe«lHl8S(Z)^ 1.^2 

15. i6tLT. mwm2<D^^hwm.\mm&. 19^5^ 

U 22(733:5 VI , V2 fS^iX^tt, VDD-VB 

El , VDD-VBE2 t)te§„ i^-C, SSilS, igcofifei 

ffi^tfiiE<7)»^tp«(cRi , R2 

[0 0 2 5] 
[fc5] 



Vref =VDO-(H- |f )VBEI VBE2 

*fc, Vref (DumcM-r^mtm m^m.) ak® lb 0 2 ei 
Ax^x.hti6o me] 



avref 
3T 



^ R r 3T 



R2 9VBE2 



-(5) 



[0 0 2 7] ±IB5^co;&5a»|t;*5o, oSD 

±K3S;;a5j^5iri-SJ;5J- (R2 /Rl ) coffi^gtSi" 
VDDlrSiptCL/tVref cOffittitS, «M«JEV 

[0 0 2 8] /£ib\ ^m^MMmicm^Xs yu^r^-y 

hyyi^^^-^lU 12Sfcf*21. 22tt^-tLm IflH-f oia 
[0 0 2 9] gl6(4r©^e^tcfilS**P«ff[iIK®^3 

p-NPmiDy<-f:^-~yhyy'yy-^n. 12cd#x.t^V 

mm^xMbn^mtm 1 'Dmmmm^(om^t mm. 
[0 0 3 0] m7ii^<Dmmim^mmn^m^(Dm4 
mix ±fBgi4. m5Km'rf^2<Dmmmmmc:^i'^?> 

NPN^<7)/-?^jK— 7 h7>'i^:^^21, 22(D#x.Ty-^ 

[0 0 3 1] m8it^(Dmmim^^mmi±mm<Dm5 
ssfi. ffjiBH 1 ic^^-rm 1 ««^yiH]iisos««Ksi3. 



Rl ar 

14i»l, »2C0AW15. 165rflr*ftLfc*>CDT-fe5o 
Jli-e. ^1. ^2(D^m5. im. H&fBEl 2 C0[HI8§(7) 
W^t^^t^ffiSilS. 19^Cio-C«fig$^^TV^?>. 
[0 0 3 2] 2{icr)^B?ISl3. 14S4 4eroP^ 

OS h7>-i?;^:?35, 36&0fij5T;37(.lJ;oTffifi)c$tbT 
V^^o _hfiB2fli©Pf^-t^/HVIOS hyy-^X^Sl, 32 

oy-;^tt*i::VDDl;:»^$|L. ■^tzmVyi^i^^^f'S 

u 32(D^-hnmm\cmm^n. ^hK-:)7(Dhyy 

5o ■f-'^^fc-^. _hfai^h9i^v?;^^31, 32}i*Wi^h5 

-tvVMOS yyV^yTs'^-i-i, 34cDy — ^t*irVDDl^S 
iE^tb. h7>-v=;^^33, 34®<J^- hS4±tah7^v' 

^ ttmg^ ^ tbT 1/ ^ 5 „ 

[0 0 3 3] ±Bhy y^^y- 9(DYU^ >-{cti_h|BffiSi 
37CO— C&Li«±fSN5^-r^/MVIOS Vy>"Jy.^'iZ(D^ 
-M-SM^tbTV^So Sfc. ±l2Sfti37«ffiffi[4±tS 

h7i^:^;^^35® KW>^CftMS^^, ^(DVy^'Jy. 

^35cDy-;^iiSJfi«m-^iic$tL-rv^5„ ± 

iBb7v>»;^^'32©^^-b • y^mmmmc\tAi 

ISNf-^^WMOS b9^^v?:^^'36« K l^-f i^^iS^Mi^ 
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[0 0 34] jifB» i 0 \mfS.^h±'&mmm\-iMo s 

-tvvMOS h 7 ^33. 34cD*^f--f xi;:;j;CTtf) 
fB«}SHitIl . 12 tDlit;a5^g$tv5%<Z)-t?feS„ 
[0 0 3 5] ::0||^fe«IHI8S^-^3V^T. hy^v*;^^!! 

««I2 trl /iAirbfc^, nm. (Ta = 2 7t;) 
WVBEl , VBE2 (Dmt.^il^iX6 7 6mV, 6 13m 
V, mS. (Ta = 6 0t;) ro^CDVBEl . VBE2 (DjS.\i 
^;tl-?tt6 3 3mV. 5 6 3 mV t :'tC "9 . VBEl , VBE 
2 ©{i^ijMIH^rfL^tl- 1 . 3 mV/deg .-1.5 
mV/deg ffijf[18, IQcOfilRl , R2 

^^iv^ivl 0 OKQ, 6 5 OKQt-t^t. Vref O 
fiifi^m^iC 1 0 8 5. 5 m V, l^S^t:: 1 0 8 8 m V 

[0 0 3 6] mr^(D i: 0 fm>&(D'^mmmic 

i o r . sffS:t;sscai±«i^»«/>/<s I, L.fcmm 

II. 12 ^S^e.tlS„ SoJt II, 12 (D^il'^CD 

lu l2covBEic^^-r5i;^^4(^i:^i-/£^^, 
[0 0 3 7] gl9}4::©^eat^#.5Kip«J±[HlK»B6 

mIfB0 4iC/T^i-«2ro5IJS«0|§rofe«?fMl3. 

[0 0 3 8] Sfc, 2{i|(73:£S:oftffi(13. 14f4. m^&ili^ 

i-i±mm 8 0^5 (o*jfe^j[H]ifS©«^t p«ti«fig$ti 
rv^6:a^ «?P«i±vref t brvDD^*ap(c#5 i 5 

^CLTV^5fc*. |118©#-^i:(±MOS b9>'v';^;5'© 
V^T. ^«itj!i(ii8L±Ell|8 tm-r5ffiifi-f4EI8 

[0 0 3 9] 01 onrro^i^jr^sgapftEiiiKw^ 

mmi. mmm i ^rs^i-m i (DmmMm^(Dmmmm.i 

3. 14t^l, m2(D:ftltl5. \6^Mcmt\^tc^>(DXh 
<0. mis m2COA#15. 16[4. ffims. IQlCioTS 

[0 0 4 0] r©ll^iMliIes^^:^3v^T. wiB2flicD^« 

mUlS^ 14il3ji©P5^-t^-'VMOS h7>'i^;^^41~ 
43. 2{@cON9^-y^>/VMOS h 9 i^v^;^ i^44. 45. Ifi 
COPNPMcO/^-f /K— 7 h7i/v?;^^'46S:tJ«2f@OigK 

47. 48^::j;oTffifig$^^rv^5„ Ji|B3flcoP^^4^/v 



MOS b9>^v';^:?41~43(Dy — ;^tt#{CVDD{Cg^$ 

tK— 9 h9>'>':^^?'ll®^5 ^7<?'i-. b5>'>':^i5'43 
li-t IxmSM ^ ^XT V ^ 5 „ ±faffiK;47(Z)-ffl{* VDDlt 

SM^tb. ^coMic:i4/M/-K--7 h9:/S^J^^46«3^ 
? S'^5'&tJ«®ST:48<D-«d5^:^x^ixS^$ixTV^5o ± 
IE b 7 ^5? 46<Dai ? y ^ (Cg^g $ tt, 

-^f4±IE®^^:48<Dte«(cg^§^^-C^^5„ ±IB2eco 
N^^^^i/HVIOS hy>'i^:^^Ai, 45(D^Vu4:y\i± 
ISb7Vv?;^:?46C0^— _hl5MOS b7>--:^;^^4i 

«6«f4(cSiK$tL^ — ;^©MOS \'yyiyy~^44(D'^- 

[0 0 4 1] _hfB®J;5}-«fig$ttfcS««M%m<^ 
jgS47. 48®{ti: 2fiOPf--Y^vW 

MOS h7 v>^;^i5'42. 43© f-'f Xfc^s crifr^« 

itjtl 1 . 12 ®1it^s^S^ti5„ 

[0 0 4 2] Ell 1 it^(Dmmim6mmmm\B]W!(Dm 
3. i4i:®u ^2<D:ft#i5. m^M:mthfch(DXh 

y). mi. S2roA#15. 16H. Hfi|E05OT0i§W»^ 

tmmimms. mzx-^xmj^^nx^^^^, 

[0 0 4 3] ztDmm^mm^^^^x, 2flco€*jEjs 

13. i4i±. m^miai^mmi oom7<DmMmmm<^ 
m-^bmmimf&^nx^^^iK SMjivref tt-r 

VDD^S£pi^t#5 ■£ ^(-L-tV^?)^*. Ell Oc?3m'e-i; 
(±MOS hyyi?:^'$'<D=f-\:^/\^^RWUr^~y hy 

i^(^*3v^T. ^«gi»-ML_hfaHi 0 t>ftj5S-rs®3f 

l^«0i 0 4^®t?-§-t^yy->^ r' J ^HhX^cDUm 

[0 0 4 4] mi 2\±^<Dmm\m?>mmmm^^(om 

mmx mmm i Km-tm i (Dmmmmm(Dmmmm.i 
3. Htmi. m2(D^mi5. le^MmtLtc^cDXh 

mi. ^2<dA#15. 16tt. ffiftlS. 19(rJ;o-C« 

[0 0 4 5] '©^JSMUl^i-doV^T. mrwS2fi«:£e 
^Sl3. 14(4 3fl®P5^-r^/MV[OS h7>^>';^^51~ 
53t lfi<DffiST:54-e«fig$Jx-CV^5„ _h|H3e»P^^ 

;^;7MV[o s h 7 ^5i~53® y— vdd(c^ 
MStb. *fc#b9>'i^;^^51~53cDy-h{t*ii(::S 
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±iW4 h <D rsi K mm^'^ti'^^w. ^ tt. h 9 >• s?:^ 52. 

[004 6] _hfBO i 5 }c«^$tifcS««M!±. h 9 
^v'v^ ^51 1 52S.t^ h 7 ^/v';^ ^51 1 h'i^fl^iy.-ii^hfi 

-efel?. ffiS:54COiiti: 2e(Z)P^^^/VMOS h^Vv^ 
^^52. 53CO*^lJ-^X(c:)Si:-TfutE«*^«I 1 . 12 

[0 0 4 7] mi-in.^(D%mK^^^mwmB.m^(Dm 

1 ocD^JfeMfciSS^^^I-HlfSHT'fcSo i<z)*Jfe 

13. Hi^K m2©A#15. 16§rA#:'ft:Ufct©-efc 

ti^«fceiSi8. i9};j;or«fiSc$txrv^5„ 

[0 0 4 8] r©*^£^J[Hlss^c*3v^•t, 2fii<D^«^s 

13, 14i4, »*6«]}c:H_hfaigi 2©i59®*}S«l^® 

m^hmm\mm^f^x\^^i,K s^ernvref tux 

i±MOS Vylyi>7^^(D=f-y^^-^;vmffi'^tfi:'0. iS^ofl; 

as«^^vDDi:^^±lfim^4®^^^M«^5^^t''J^oTv^?.o 
1 2 i*j-f&i-5ffi0f(-(4H 1 0 15©^^^^r^?^5'^y 

[0 0 4 9] gll 4}4iro^?^fr#5S3p«IIiIKro^ 
1 l(D3l3£«icJ;5«j5e^S^i-0K0T'fe5, ira^lJE 

s/i?«f4^r©?t»iSti^38(CA;^/UT^S{b$ 
*ulB?g»±l«S17(ctt|^-r5 J; 5 L/cl>OT'fc 

[00 5 0] t r 6r\ _hfe=g-iiJfe0ij[iiKTi4 p n p® 

t L< i4NPNMcO/MJK-9 h7>'v?;^^ll, 12, 2 
1. 22^fflV^5J;5^c:Lrv^5„ ^LT. ^II»J01^ 

5rCMOSyI3-fe;^^fflv^fcCMOS§!i*WlHI8Si: LT 

OS7°n-fe;^±cD*ife/-5^';4^-y h V > :^ ^ ^mt- 
5ri:;a5-t?t5„ pnpScd/MjK-^ by 

Vv';^^ll, 12CO:3i/i5f ^[^^iffi^^t^, NPN^®/-? 
I'sK-y b7>'-:^;^^21, 22(7)3 

[0 0 5 1] Ell 5i4±fB^l, |g5. |g6, |g 

7, ^8, ^9, Bi os:t>'^i KD^mmmr^mm^ 

iz?)-'<4 7i^-y hy>i^:^^n. 12tL<f±2U 22^$ 

hyyi^:^^xmi^-r^m^(Dm^mm(D 
mmmxh'o. mi so (a) jipmpm^, (b) « 

NPNa5r^tL-?tL^Lrv^5„ 
[0052] 015© (a) iC^oV^r, PMM«61[^i:: 



63lcPNPS/-^-f b7^>':^i?'»^5 y^SS 
[0053] 015® (b) {CjoV^T, NSffitg71l^{;: 

(IP ii?ai/wffijK72 1 N- mmiumm^n^o ^mp^y 

So iLX. ±fBN" M««74. P" IBWTS, N" 
73l;:NPNa/-<-l'jK^7 b 7 ^^i/;^ ^ CD:n 5 :y^^S 

[0 0 54] El 1 6 t4±E#jl*M[iII§-effiffi ^nSS 

mux m^(DXoi^^:^itP'^^^/UMOS hy^^i^ 
;^^81~85. N^-Y^/VMOS b7>-^>;^^?86~88S.t^ 

S^^^tt^^gffl©gS^89^-e«J5!c$^^rv^5o rcDj;5^=C 

MO s hy>i^:^ ^mf&o)mwm«fmxit. -m^^R 
x:^M(ox:hmi- (v+) . (v-) izmmiimti^r.t 
m£^^(DX\ tfrtavu V2 nseLfc^t^<¥:or t^js 

[0 0 5 5] HI 7i-±ro^BJiC'R5S-ifmi±IlISSW^ 

^y»S2pmfflH]SSii. tulB|gl6cD*;te^!|[H]SS«ttl^«i± 
Vref ?r2fiCDtgK:9K 92'e5>fflL, rw^fij^tlfc* 
JESra»ii«^93i: 2j@®SK;94, 95;6^ib/i;Slf tSlUK 

xmmir?> ^t\cx<o. mm^^^mmmmvief ' 
[0 0 5 6] rro3l^s^EJ^§^c^3v^T. mi 

9U 92. 94. 95(73fi^Rll. R12. R13. R14i:L. R 
12/ (R11+R12) collSra. RM/RlSCOffi^ j3 ti" 
St. Vref mk'^X^-^h^h. 
Vref ' = a Vref + /! a Vrof 
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(54) REFERENCE VOLTAGE CIRCUIT 

(57)Absti-act; 

PURPOSE: To provide the reference voltage circuit which does not 
influenced by dispersion of elements and depends upon neither temperature 
nor the source voltage. 

CONSTITUTION: This reference voltage circuit is equipped with 1st and 
2nd constant current sources 13 and 14 which have one-terminal sides 
connected to a power source potential VDD, a PNP type transistor(TR) 1 1 
which has its base and collector connected to a ground potential and its 
emitter connected to the other terminal of the 1st constant cuiTent source 13, a 
PNP type TR 12 whose base and collector are connected to the ground 
potential and whose emitter is connected to the other tenninal of the 2nd 
constant cuiTent source 14, an operational amplifier 17 which has plus and 
minus input and output terminals and whose plus input terminal is connected 
to the emitter of the TR 1 1, a 1st load 15 which is connected between the 
minus terminal of the operational amplifier 17 and the emitter of the TR 12, 
and a 2nd load 16 which is connected to the minus input terminal and output 
terminal of the operational amplifier. 




